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Summary
Thisreport,whichisthefirstof a genera3airplanesafe-
typrogram,isconcernedwiththeimportanceoftheflat-top
liftcurveasa factorcontributingto safetyandcontrolat
~ lowspeed.An analysisofexistingairfoildata indicateddef-
initerelationsbetweentheshapeoftheliftcurvead certain
sectiondimensions.A se&io~L (NACA84),designedaccording.
l to theseempiricalrelations,wastestedmd foundtohavethe
desiredflat-topliftcwve combined,however,withlowaerody-
l
namicefficiencyandhig’hmomentcoefficients.Theshapeofthe
liftcurveatmaximumliftappearstobe of sufficientimpor-
tanceto justifyadditionalinvestigationwiththeviewofde-
velopinga sectionhavingsatisfactoryefficiencyandmoment
characteristics.
Introduction
Themostcriticalfeatureofairplaneflighto-dayisthe
makingofa safeandcomfortablecontactwithgroundorwater
* onlanding.Theskillrequiredinlandingunderallpossible
*
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conditionsmustbe reducedif safetyincivilaviationistobe
assured.Surprisinglyittleworkhasbeendonetodateon
thisvitalmatter.
Thechieffactortobe consideredintheproblemisthe
natureoftheairreactiorrsupon.theairplaneasit assumesa
landingattitudeon approachingtheground.Themostimportant
aerodynamictemisthemannerinwhichtheliftvarieswith
changesinangleof attackof thewingsystematlowspeedsor
largeanglesof attack.Safetydemandsthattherebe no abrupt
changesinliftattheseangles.Inotherwords,it ishighly
desirablethattheliftcurveshouldhavea flattopinsteadof
therelativelysharppeakgenerallycharacteristicofairfoils
inuseatpresent,.
l Thisrequirementcallsfora studyoftheaerodynamicsf
airfoilsatlargeanglesof attack.Duringthepasttwoyears
*
sucha studyhasbeenmadeattheLangleyMemorialAeronautical
Laboratoryas a partof a generalairplanesafety.programunder-
takenby thestaffoftheatmosphericwindtuel. Thelatest
developmentistheN.A.C.A,84 airfoilprofilesandthemajor
portionofthisreportdealswiththeresultsofforcetests
on anairfoilmodelhavingthieprofile.
PreliminaryAirfoilTests
Theshapeoftheliftcurveinthevicinityofitsmaximum
l
dependschieflyonthemannerinwhichtheflowseparationr
.
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llburblelltakesplaceovertheuppersurfaceoftheairfoil.
Thedesigmof anairfoilhavinga flat-topliftcurverequires
a knowledgeoftheairfoilshapefactorsthataffecthisflow
separation.To investigatehesefactors,preliminaryforce
testsweremadeonseveralairfoilshavingextremeprofiles,snd
fromtheseteststhefollowingtentativerulesforobtaining
profileswithflat-topliftcuzveswerederived:
1.
2,
3*
4.
5.
Theshapeoftheuppersurfaceisvital,whereasthat
.—-
ofthelowerisunimportant.
Themaximumordinateshouldbe wellback,inthevicin-
ityof fortypercentofthechordfromtheleading
edge.
Thenoseshouldbe lowsndhavea fairlysmallradius
of curvature.
Theuppersurfaceshouldbe a simplemathematicalcurve,
i.e.,thechangeinradiusof curvatureshouldbe
continuousalongthesurface.
Thethicknessshouldbemedium,12 to16percentof
thechord.
N.A.C.A.84 AirfoilTestsmd Results
.
TheN.A.C.A.84 airfoilprofile,w~ichwasdesignedinac-
cordancewiththeaboverulesx-ishowninFigure1, andits
ordinatesaregiven
type(Reference1),
inTable1. ThisprofileisoftheJoukowsky
andhasa mediumthickness(8/1= .05)
.
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andhighmeancamber(f/l=.15),withtheJoukowskyconcave
lowersurfacemberreplacedby’”astzaightline.
Forcetestsweremadeon a 5 in.by 30 in.rectangular
airfoilmodeloflaminatedmahogany.Themodelwasmountedin
thetunnel(Reference2),on thewirebalance,andlift,drag,
andpitchingmomentsweremeasuredthrougha rangefrom+3°to
+35°angleof attack.Thedyn~$cpressureq, washeldcon-
stantat4L04lb~persq.ft.(19.8kg/&) whichrepresentedm
averageairspeedof about40M.P+H~(17&9m,p*s.).Theaverage
ReynoldsNumberwas148,000,withthewingchordasthecharac-
teristiclength.
Thetestresultswerecorrectedfortheeffectsofthesup-
portingwires.Also,theeffectofthetufinelwallsontheair
*
flowovorthemodelwasacctiedforby consideringthetest “
. resultsasapplyingto a wingof aspectratio6.85infreeair.
Thisvalueforthe301in.winginthe60 in.ciralarclosed-
throat unnel,~asobtainedby meansof thePrandtlcorrection
formula. 8
Theordinatesofthemodelwexeaccuratetowithfnl&O03
inC Ingeneral,thetestresultsmaybe reliedon towithin
*2 percent.
TheresultsarepresentedinTable11andalsoinFigures
2, 3,4,and5. AbsoluteliftsnddragcoefficientsCL shit
l CDY ad L/D areplottedagai=tangleof attacka, in
Figure2. ThepolszcurveCD> plottedagainstCL* isgiven
.
.l
*
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inFigure3.
Figure4 isa diagramoftheresultantforceatvarious
anglesof attackpresentedinvectorform.Thelines A andB
showtheeffectoflocatingthecenterofgravitybelowor
5
abovethewing,respectively.
InFigure5 isshownthecenterofpressuretravelinper
centofchordfromtheleadingedgeplottedagainstangleof
attackforthesetwoe.g.positionsandalsoforthewing
chordline.
Figure2
rangeof9~0,
.
D i s cus s i on
showsthatfrom9~0to19°angleofattack,a
themeanvariationinliftisaboutonepercent.
An airplanequippedwiththistypeofwingwouldhavehuuh
lesscriticalandingcharacteristicsth nifithada wingwith
a peakedliftcurve.Thisisduetothefactthatoncetheflat
portionofthecurvehasbeenreached,pulling
stickwouldcauseneithera suddenrisenoran
theairplane.
backthecontrol
abruptdropof
A largeproportionof airplanecrashestodaymaybe ac-
countedforby thesuddenuncontrolleddivefollowinga stall
whencloseto theground.Thisdiveisduetotherelatively
rapidresrw~dmotionofthecenterofpressureastheangleof
maximum,liftisexceededwhexebya strongnosingdowntendency
isproduced.Atthesametime,dueto thelowspeed,theele-
.
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.
>
.
N.A.C.A.TechnicalNoteNo.297
vatoreffectistoosmalltoh~ldthe
consequentlycrashesnosedown. ThiS
6
noseup,andtheairplane
characteristic,ngeneral~
ismuchstrongerin staggeredbiplanesaiidlow-wingmonoplanes
thaninthehigh-wingmonoplane.Figure64 and5 showgraphic-
allythat,fortheN.A.C.A.84
terofpresmneisverynearly
a distcnceof0i4ofthechord
airfoilfrom4°to35°,thecen-
stationaryalonga line (A) c.t
“OC1OWthechordline. A mo~o-
planewithcenterofgravityonthislinewould(exceptforthe
tailsurfaces)bepracticallyinneutralequilibriumovera
largerangeof anglesandwouldhavemo tendencytonosedown.
Incident.tily,thesetwofiguresalsoshowtherelativelyarge
rearwardcenterofpressuretravelthatwouldobtainina mono-
planewiththecenterofgravityonline (B).
Stillanotherdesirablefeatureofthis-typeof airfoilis
itssmallspinningtendency.Autorotationcalculationsindicate
an approximaterangeof “rotaryinstability’fofonly4° ascom-
pared,tothatof about80’ormoreforseveralcommonlyused
foils,ThemethodofcalculationisexplainedinReference
At zeroliftthevalueoftheabsolutepitchingmoment
ail?-
3,
coefficientCM aboutthequarter-chordpointis0.135.This
is largerthanisobtainedonmostofthecommonlyusedairfoils.
Moreover,theaerodynamicefficiencyisnothigh,beingabout
thesameasthatforthewell-knowmG~ttingen38?. Theinvesti-
gationistobe continuedinordertoimprovethesetwounde-
sirableconditionswithout,however,sacrificingtheflat-top
.a N.A.C.A.TechnicalNoteNo.29? ~
liftcurveandthegoodlowspeedstabilitycharacteristics.
Inconsideringtheabovediscussion,thelowsqle
(R.N.= 148,000)ofthetestsshouldbe keptinmindi However,
.
it isbelievedthattheficaleeffecton theN.A.C.A.84 airfoil
atmaximumliftis small.Thisstatementisbasedonthere-
sultsobtainedon airfoilsof approximatelythesamethickness
whichhavebeentestedatthislaboratoryinthevariableden-
sitywindtunnel.
Conclusions
A studyof thedatanowavailableleadstothefollowing
conclusions:
,
.
1.
2.
3*
Theflat-topliftcurveshouldmakelandinga safer
andlessdifficultoperation.
Theflat-topliftctuwewhencombinedwitha small
centerofpressuremovementatlargeanglesof
attackshouldreducethetendencytodiveafter
a stall.
An airfoilhavinga flat-topliftcurvealsohasa
reducedtendencyto spinandwouldthereforebe
lessapttofalloffononewingaftera stall
atlowaltitude..
.
l
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4* Owingtothehighmomentcoefficientandlowaerody-
namicefficiencyt’heN.A.C.A*84 sectionisnot
consideredsatisfactory,butsatisfactorysections
canprobablybe developed@d furtherworkalong
thislineisbeingplsnned.
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TableI.
N.A.C.A.84 AirfoilOrdinates ~
Station~ Chord
fromL.E.
—— —
o
0.5
1.25
2“50
5.00
7.50
~,~()
10.00
15.00
2(:*C0
25.C’O
30,00
35,$00
40.00
5Q,.00
6C.00
~Gwoo
l 8000090,C0
95*OO
100.00
UpperSurface
~ Chord
2.50
3,90
4.856.~5
~.78
9.03
10:GO
11Q50
12.’71
1:,“51
14*00
14,].~
1’+.11
13.50
12~31
10.32
2*41
0.30
-
LowerSurface’
~ Chord
2;50
1*55
0095
0041
0.10
0.02
:
0
0
0
Q
:
0
0
0
0
0
0
0
.
.v
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ForceTest- Atmospheric
Table11
WindTunnel.
Model- N.A.C.A.8~wing,5 in.by 30‘in.rectangular.
EffectiveAspectRatio= 6.85.
DynamicPressure(q)= 19.8kg/m2.
ReynoldsNumber= 148,000.
Deg.
-8
-4
0
4
:
9
10
11
12 .
14
16
. 18
20
.
21
22
25
30
35
“CL
abs.
-,054
‘+.224
.538
.851
.947
l.o#
1.066
1.08~
1.095
.1.098
1l102
1.106
1.095
1.060
.932
l866
.854
.891
.885
#
CD
abs.
.070
.026
.035
.057
l072
.089
.096
l106
.115
.124
.150
.180
l222
,304
l 354
.380
“.453
.566
.680
L/13
-0.77
8.45
15.50
15.10
13.20
11.~o
11,10
10.20
9.52
8.64
7.33”
6.15
5.17
3.4B
2.63
2.28
1.91
1.5?
1.30
C.P.in~f
Chord
8;;0
48.0
39.?
38.2
36.9
3::0
3;;2
34.3
3491
34.4
36.5
38.3
39*5
.40.9
41.1
40.5
chordfromL.E.
ze Fig.4
A
7i:4
45.4
39.9
38.9
39.0
36:0
3;:0
38.?
38.8
39.3
39.0
39.0
38.4
38.4
39.1
38.9
B
8;;5
50.3
39.3
36.9
34.4
3X7
--
31.2
29.7
29.>
29.2
33.4
3~.8
4ob4
41.9
42,9
42.2
. .
.
.
;
.,,
i.
.
“o 10 20 30 40 50 60 70 80 90 100
Stations in txxrcent of chord
.
Fig.1 N.A.C.A. 84 Airfoil. Ordinates given in Tab16 I.
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Fig.5 Center of pressure travel vs angle of attack. Aspect ratio = 6.85
